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Chapter-1 
INTRODUCTION 
There are about 250,000 identified higher plants in the world, out of 
which 35,000-70,000 have at one time or other used by some people or cultures 
for medicinal puipose. The World Health Organization (WHO) estimates that 
3.5 billion people in developing countries rely on plant based medicine for their 
primary health care. India is bestowed with rich natural resources, diverse 
ecological conditions and a long practice of traditional fanning system 
consistent with their ethnic diversity and ancient civilisation. Traditionally, it 
produces enormous plant based raw materials in various drugs, 
phamiaceuticals, perfumery, cosmetics, aroma-chemicals and related 
industries. Out of 1500 species identified 1100 species are used in different 
systems of medicines and out of these 600-700 species are used in the country, 
mainly by indigenous industries. 
As a global community, we are now in the midst of a crisis in loss of 
biological and cultural diversity. More immediately, the availability of 
medicinal plants is under serious threat. Fewer than 1-2% of the world's 
250,000 flowering plants have been analyzed for medicinal value, yet in some 
tropical regions species are disappearing faster than diey can be identified, let 
alone studied for medical value. The current rate of species extinction now 
thought to be 100 to 1000 times higher than background levels. Around 95% of 
the medicinal plant used by the Indian Industries today are collected from the 
wild and less than 20% plants are under commercial culti\ation. Over 70% of 
the plant collection involve destructive harvesting because of the use of parts 
like root, bark, wood, stem and the whole plants. This possess a definite threat 
to the genetic stocks and to the diversity of medicinal plants. Conservation of 
medicinal plants species is possible through either /// .siiii or ex siiii means, or 
preferably through a combination of both. 
The emergence of modem biotechnology presents an important 
approach for a production link between conservation and sustainable utilization 
of genetic diversity. Biotechnology can lead to new and improved methods for 
preservation of plant genetic resources, and can accelerate the evaluation of 
germplasm collection for specific traits. Maintenance of wide genetic base, 
which is an important dement of biodiversity, is essential to the future of 
biotechnology and the sustainable user of biological resource. New 
technologies may increase the value of the world biodiversity if these allow 
increase use of the genetic diversity of both wild and domesticated species. 
In view of the enforcement intellectual property right (IPR) and with the 
opening of world market and liberalization of trade and commerce in post 
GATT era, it has become essential that in India we utilise such a powerful 
technique for mass production of elite varities of crop, forest trees and 
ornamental plants. India with vast biodiversity, has unlimited potentials to earn 
foreign exchange by competing successfully in the market. There is going to be 
a global demand of over 2-billion plants by the tuni of the centuiy against 500 
million plants produced presently by micropropagation. 
The recent development in clonal micropropagation of plants through 
tissue culture techniques has been of great help in the cultivation of medicinal 
plants by providing planting material of standard quality. Recent advances in 
biotechnology for producing transgenic plants have added a new dimension to 
plants as a source of phannaceuticals. There is a need for genetic improvement 
of the species for special characters such as an increase in yield of the active 
constituents. 
The present experimental work was undertaken with an aim to establish 
a precise protocol for the in vitro propagation and conservation of two 
important medicinal plants, Tylophora indica and Rauvoljia telraphylla. 
In Vitro Propagation Techniques: 
The biotechnological tools are important to select, multiply and 
conserve the critical genotypes of medicinal plants by adopting techniques such 
as micropropagation, creation of somaclonal variations, and genetic 
transformations. Plant Tissue Culture has been viewed as a key technology for 
enhancing the capability for the production of large quantities of planting 
material of selected elite high yielding varieties so as to boost production and 
productivity and to conserve the fast diminishing species. The technology has 
enoiTDOus potentials for meeting the demands of both domestic and export 
market in terms of high quality planting material. Today tissue culture 
technology is being exploited for production of elite planting material with 
desirable characteristics. Complete plants have been regenerated from callus 
cultures, excised anthers and micropropagation has been achieved from 
organised tissues by multiplication of meristems and axillary buds. In many 
cases it provides an opportunity to maintain true-to-type plant species and the 
propagation system can produce a large number of plants from a single clone. 
Plant regeneration from shoot and stem meristems have yielded encouraging 
results in many medicinal plants. Many of the regenerated plants showed 
somaclonal variation and selections were made for high active principle 
yielding cell lines. 
Thus to sum up, various components of the application of tissue culture 
technology would be: 
^ Micropropagation 
r Conservation through ciyopreservation 
r Bioproduction of value added secondaiy metabolites. 
r- Biotransformation of bioactive molecules. 
> Genetic upgradation for improvement 
• Somatic hybridisation 
• Somaclonal variation 
• Transgenic plants 
Due to large scale and indiscriminate collection of wild plants from their 
natmal habitats and insufficient attempts either allow its replenishment or its 
cultivation. Tylophora incJica is rapidly disappearing and now is listed as one of 
the plant species in India, vulnerable to extinction. Likewise, Rauvalfia 
leiraphylla., another potential medicinal plant has been declared as an 
endangered species. Therefore, there is an urgent needs to conserve both these 
species ex situ through in vitro methods. Thus considering the medicinal 
importance and present status, of both these plants, the present work has been 
attempted with a view to conserve them through in vitro techniques. 
Tylophora inclica (Burm. f.) Merill. 
Family : Asclepiadaceae 
Common Names : Antamul, Indian ipecae 
Plant Parts Used ; Leaves, Root 
Description: Tylophora inclica is a perennial climbing plant native to the 
plains, forests and hills of southern and eastern India, ascending to an altitude 
of 900m (Anonymous 1976). The leaves 5-8 cms long, opposite, entire, ovate, 
roundish, acummate, cordate at the base, glabrous above and downy below, 
odour disagreable when bruised and taste nauseous. Root twinning, fleshy, 
whitish each being 10-13 cms long of a pale-white or brown colour, slender, 
brittle and wiiy; root bark wrinkled, longitudinally fissured, marked with scars 
of fallen rootlets; wood, light and porous with an aromatic and acid smell, taste 
slightly bitter. 
Health Concerns: Tylophora has been used,v'^  vConnection with the^ f^trllowing 
conditions: "^^ -^'o ": ^\<i^' 
Ranking 
Primary 
Secondaiy 
Other 
Health Concerns 
Asthma 
Hay fever 
Diarrhoea 
Characteristics and Constituents: 
Apart from the alkaloids, the plant was found to contain the following 
constituents; ethyl alcohol, a phytosterol, wax, mucilage, resin, caute-houe, 
chlorophyll, colouring matter, tanin, glucose, calcium salts and potassium 
chloride. The major alkaloids which have been isolated are tylophorine and 
tylophormine. The dried plant contained 0.2-0.3% of alkaloidal bases. 
Actions and Uses: 
Tylophora has been traditionally utilized as a folk remedy in certain 
regions of India, not only in the ti'eatment of bronchial asthma, but for 
bronchitis, rheumatism, and deiTnatitis. In the latter half of the 19*'' centuiy, it 
was called Indian ipecacuahna, as the roots of the plant have often been 
employed as an effective substitute for ipecac. The use to induce vomiting led 
to Tylophora's inclusion in the Bengal Pharmacopoeia of 1884 (Nadkami K, 
1.976). 
The root and leaves possess emetic and purgative properties. They are 
reported to contain an amoiphous alkaloid. The roots have a sweetish taste 
turning acrid, pleasant aromatic odour and a brittle fracture. They possess 
stimulant, emetic, cathartic, expectorant, stomachic and diaphoretic properties 
and are used for the treatment of asthma, bronchitis, whooping cough, 
dysentai-y and diaiThea; they are reported to be given in rheumatic and gouty 
pains (Joshi, 2000). The roots are said to possess bacteriostatic properties and 
have been suggested to be good natural preservative of food. The root and 
leaves are also reported to be used in hydrophobia. 
In the doses commonly used patients may have nausea and vomiting. 
The leaves and roots have been employed as a substitute for ipecacanha; the 
dried leaves are reported to be more uniform and certain in their action than the 
roots. In large doses, the dried leaves may cause fatal poisoning. 
Rauvolfia tetraphylla L. 
Family Apocynaceae 
Common Name : Be still tiee 
Plant Parts Used : Root 
Description: Rauvolfia tetraphylla is evergreen, woody shrub with milky sap 
distributed in tropical Asia, Africa and America (Anonymous 1969). Branches 
with four unequal leaves in whorls, to 20 cm long, dark green above and pale 
green below. Root odourless, veiy bitter, tuberous, soft sometimes inegular 
nodular, bark pale brown, corky inegular longitudinal fissures. Flowers creamy 
white with slender tube followed by glossy red benies, 1cm diameters. 
Germination rates are incredible. 
Health concerns: Rauvolfia has been used in connection with the following 
conditions: 
Ranking 
1 Primaiy 
i Secondary 
Others 
Health concerns 
Hypertension 
Dianiioea 
Dysentiy 
Characteristics and constituents: The pharmacological activity of Raiivolfia 
telraphylla is due to the presence of several alkaloids, ajmalicine, ajmaline, 
alstonine, ancine, corynanthine, deseipidine, isoresei"piline, reseipine v|;-
reserpine, isorespeipine, saipagine, saipentine, saipentinine, tetraphyllicine, 
tetraphylline, yohimbine, a-yohimbine, p-yohimbine and y-yohimbine (Joshi, 
2000). Reseipine is the main alkaloid, it has two nitrogen and possess a 
complex structure. 
Actions and Uses: The drug of Raiivolfia consist of air dried roots. In India, it 
is being employed for centuries for the relief of various central nervous system 
disorders. Extracts of the roots are valued for the treatment of intestinal 
disorders particularly dianlioea and dysenti^. The root is also used to stimulate 
uterine contraction and recommended for use in child birth difficult cases. 
Reseipine is phannacologically the most potent alkaloid. It has depressant 
action on cential nervous system and produces sedation and lowering of blood 
pressure, accompanied by bradycardia. It is most valuable in young patient 
with mild labile hypertension associated with tachycardia. In long established 
hypertension, it is best used in conjunction with more potent hypertensive 
drugs such as hexamethonium or hydroalizine. 
The present experimental work was undertaken with an aim to establish 
a precise protocol for the in vitro propagation and conservation of two 
important medicinal plants, Tylophora indica and Raiivolfia letraphylla. 
The present work has been conducted with following objectives: 
••• To fonnulate cultural conditions for regeneration and multiplication and 
regenerant differentiation in somatic tissues. 
<* To investigate the hormonal response for callus induction from culture 
explants. 
*> To develop an efficient protocol for raising complete plants in viiro and 
their acclimatization. 

Chapter-2 
REVIEW OF LITERATURE 
Plant tissue culture starts with the "cell theory" postulated in 1838 by 
Schliedan and Schwan. They theorized that any plant cell could be "totipotent'' 
and develop into complete plant. The need for experimental evidence for 
totipotency drove the early development of tissue culture. 
However, it was not until 1902 that Gottlieb Haberlandt attempted to 
grow isolated plant cells in a culture solution containing sucrose and aspargine, 
but his cells only lived for 20 days. They increase in size but failed to divide 
and grow. He did however, observe that slices of potato tuber that contained a 
vascular bundle would show some cell division. He concluded that these 
contained a substance that induced cell division and called this substances the 
"wound hormone." 
Similarly in 1934, Gautheret grew callus from cambial tissue isolated 
from several woody plants. These were the first sustained dividing callus 
culture, but they would only grow for about six montii on an agar based 
nutrient medium. He rightfully concluded that somediing was missing from the 
culture medium that would sustain unlimited cell growth in tissue culture. 
Several years later, in 1939, three researchers independently used the 
newly isolated homone, auxin, to establish callus cultures with potential for 
indefinite growth. These researchers were Gaudieret and Nobecourt working 
with carrot cells and White working with tobacco cultures. White and Braun 
(1941) found that cells isolated from tobacco infected with crown gall would 
display cell division and growth in culture without the addition of auxin. 
In 1948, Skoog and his colleagues discovered a breakdown compound 
from old herring sperm DNA that could induce organ formation in callus 
culture of tobacco. Initially, they called the substance adenine and then Kn 
because of its cell division activity. Skoog and Miller (1957) demonstrated that 
the ratio of auxin and cytokinin could detennine weather tobacco callus would 
makes root or shoot. Later in 1962, this system was used to develop the 
universally used Murashige and Skoog medium. 
Eventually in 1954, Hildebrandt and his colleagues were able to produce 
tissue culture from single cells. Independently in 1959, Steward and Reinert 
reported the successful regeneration of somatic embryos from canot cells. 
Hildebrandt (1965) was able to demonstrate that whole plants could be derived 
from a single tobacco cell. Thus, totipotency was shown to exist in plant cells. 
Over the years, considerable progress has been made in the application 
of cell culture technology to horticulture, silviculture, sericulture, agriculture 
and industry through commercial exploitation of a wide variety of monocots 
and dicots including plantation crops. 
This chapter has been written with a view to provide earlier work done 
on Tylophora and Rauvolfia till date. 
Mahatre et al. (1984) reported plant regeneration in protoplast culture of 
Tylophora Inc/ica. Protoplasts were isolated from callus tissue following 
incubation for 7 hi" in an enzyme mixture comprising cellulase (2%) and 
macerozyme (1%). A good yield of viable protoplasts was obtained from callus 
derived from freshly cultured stem segments. Within 72 hr, the protoplasts 
began to swell, bud and produce new cell wall. The T' division was rapidly 
followed by further division. Of the total number of dividing protoplasts about 
50-60% showed sustained division leading to colonies. Murashige and Skoog 
culture medium containing lmg/1 2,4-D and 0.2mg/l Kn stimulated the growth 
of the callus. Regeneration of embryoids from the callus occuiied on MS 
medium with 10% coconut milk and lmg/1 2,4-D, whereas initiation of shoot 
buds was observed with media containing low auxin and high cytokinin ratios. 
Shoot buds and embiyoids were cultured on fresh medium without growth 
factors to obtain plantlets. 
The effect of plant growth regulators and nutrient conditions on growth 
and alkaloid production in multiple shoot culture of Rauvolfia serpentina was 
studied by Roja et al. (1990). They established multiple shoot cultures from 
axillaiy meristem of the field-grown plants on MS medium supplemented with 
Ippm BA and 0.1 ppm NAA. Growth regulators influenced the morphogenetic 
events of shoot culture, namely root initiation in lAA combinations, stunted 
shoot foimation in 2,4-D and slender shoot fonnation in Kn + NAA 
combinations. 
Mukhopadhayay et al (1991) reported in vilro multiplication and 
regeneation of cytologically stable plants of Rauvolfia serpentina Benth. 
Through shoot tip culture. Sterilized shoot tips of a strain from the eastern 
Himalayas were cultured in MS medium containing 3% sucrose. Best shoot 
response was obtained in the presence of 0.5 mg/1 NAA and 2mg/l BA, with 
15-20 shoots arising from 1 shoot tip. Replacement of BA by Kn was essential 
for rooting. Plantlets were tiansfeiTed to the field at a survival rate of 60%. 
Analysis of root tips of regenerants revealed stability of the diploid 
chromosome number (2n=22). 
Bera and Roy (1991) established an effective low-cost micropropagation 
system in Tylophora indica. The plant has been regenerated both directly and 
indirectly. MS basal medium with different combinations of auxin and 
cytokinin was used. Commercial grade sugar and single distilled water used in 
all the methods. The overall cost has been calculated in all methods of 
propagation and it was found that the direct way of micropropagation from leaf 
segments was the most useful low-cost method in this plant material. 
Effects of ascorbic acid on axillaiy shoot induction in Tylophora indica 
(Burm. f) Merill was studied by Shamia and Chandel (1992). They developed 
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a procedure for rapid in vitro multiplication of this species. Optimal shoot 
multiplication was observed on Murashige and Skoog medium containing 5 
mg/1 BA, 0.5 mg/l NAA and 100 mg/1 ascorbic acid. Rooting of in vliw 
produced shoots was readily achieved with lmg/1 lAA alone in MS, within one 
week of transfer, without intervening callus fonnation. The plantlets were 
successfully transfened to pots in large number, and showed 90-100% survival 
in soil-rite. After 6-8 week, the regenerants were tiansplanted to soil under field 
conditions, where they grew to nomial adults without moiphological 
abnonnalities. 
Chattopadhyay et al (1992) reported in viiro effect of NH4NO3 on 
growth and alkaloid content of Tylophora indica. Nodal explants were cultured 
in growth regulators free MS medium with 2% scurose and NH4NO3 at 0.16, 
0.20, 0.25, 0.30, 0.35 or 0.40%. Maximum shoot formation was obtained with 
0.30% NH4NO3, whereas root fonnation was maximum with 0.16% NH4N0.V 
A concentration of 0.40% proved lethal. The growth rate was greatest with 
0.30% as was the akaloid content too. 
Bera and Roy (1993) reported micropropagation of Tylophora indica by 
multiple bud fonnation from mature leaf explants without callus intervention. 
Explants were cultured on MS medium supplemented with different 
concentrations and combinations of BA and adenine sulfate. A concenti-ation of 
5 mg/I BA and 0.5 mg/1 adenine sulfate produced the greatest average number 
of shoot buds/explant (304+44). MS medium supplemented with different 
concentrations of lAA, NAA and IB A was used for rooting. Highest rooting 
efficiency was observed in MS medium supplemented with 3 mg/1 lAA. 
Regenerated plants were successfully transfened to the field at a rate of 60-
72%. 
Roy et al (1994) reported mass propagation of Rauvoljia serpentina by 
m vitro shoot tip culture. When the explants were cultured on MS medium with 
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1.5 mg/1 BAP and 0.5 mg/1 NAA, multiple shoot buds were fonned. Subculture 
in the same nutrient medium gave higher number of shoots. When the 
regenerated shoots were excised and subcultured individually in the same 
medium, they produced multiple shoots which continued to proliferate through 
ten subcultures with an average of 25 shoots per transfer. For rooting, the 
shoots were excised and implanted individually on root induction medium 
consisting of half strength MS salts supplemented with 1 mg/1 each of IBA and 
lAA and 100% rooting was achieved after three weeks of transfer. The 
plantlets were successfully established in soil with 95% survival rate. The 
growth of the plants in the field was quite satisfactoiy. 
Akram and Nazir (1994) reported differentiation, de-differentiation and 
re-differentiation of roots in Raiivolfia leaf callus. They cultured leaf explants 
on White's root culture medium (WRC) and also on Abou-Mandour's medium 
(AM). Callus was induced on WRC supplemented with coconut milk (CM), 
extra nitrogen source solution, lOmg/1 biotin, 2 mg/1 BA, 0.8 mg/1 NAA and 
0.0001 mg/1 GA.v Callus, subcultured on WRC supplemented with CM, BAP 
and NAA grew well differentiated roots. Differentiated roots de-differentiated 
into callus, which subsequently re-differentiated into roots. The growth of 
callus on AM was almost neglegible. 
Roy et al. (1995) reported propagation of Raiivoifia serpentina by in 
vitro shoot tip culture. They achieved multiple shoots by culturing explants on 
Murashige and Skoog's medium supplemented with 1.5mg/l BA and 0.5 mg/1 
NAA. Subculture on the same medium gave higher number of shoots. When 
each of the propagated shoots were excised and subcultured individually on the 
same medium, induction of multiple shoots was achieved. Thus, the shoots had 
to proliferate through 10 subcultures with an average of 15 shoots/ti-ansfer. The 
shoots were rooted on half-strength MS salts supplemented with lmg/1 each of 
lAA and IBA. The plantlets were later, established in field conditions. 
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Saker et al. (1996) cultured nodal segments on Murashige and Skoog 
medium supplemented with 0.5-3 mg/1 BA and 0.1-0.2 mg/l NAA to produce 
axillary shoots. The maximum number of shoots (6.4) was recorded in a 
medium containing lmg/1 BA and 0.2 mg/1 NAA. However, the media 
containing lmg/1 BA and 0.lmg/1 NAA showed the maximum proliferation 
rate (79%). The regenerated shoots were treated for 10 days in half strength MS 
medium supplemented with auxin (NAA or IBA) and then transfened to plant 
growth factor-free medium for root induction. Maximum rooting (83%) with 3-
4 roots/shoot was recorded on medium containing lmg/1 NAA. Plants with well 
developed root systems were transfened to pots containing soil and sand 
mixture (2:1) and nearly 60%) survival. 
Patil and Jayanthi (1997) reported micropropagation of Rauvolfia 
lelraphy/la and R. micranlha. Nodal segments were excised from mature plants 
of the species and grown on Murashige and Skoog medium supplemented with 
various growth regulators. BA at 2 mg/1 induced quiescent buds within 15 days 
of inoculation and further multiplication of the shoots was best achieved when 
the medium contained adenine sulfate (0.005mg/l) and lower BA level. Rooting 
of these shoots was possible both in vitro (2mg/l IBA) or ex vitro with 
(lOOmg/l IBA), with about the same frequency. Transplanting to soil in pots 
was successful for 60%) of micropropagated shoots. 
Sarma et al. (1999) reported a simple protocol for in vitro mass 
multiplication of Rauvolfia tetraphylla. Multiple shoot development was 
achieved on MS medium supplemented with 0.1-0.2 mg/1 Kn and 0.4-0.5 mg/1 
BA. Flowering was induced in vitro on shoot multiplication media. 
Manjula et al. (2000) reported somatic embiyogenesis from leaf-derived 
callus tissue of Tylophora indica. They used MS medium supplied with 1-2 
mg/1 BA or 1-5 mg/1 Kn or 1-2 mg/1 Kii/BA together with 0.1-lmg/l lAA, 
Maximum somatic embryos (30) could be recovered from 100 mg of 
einbiyogenic callus within 60 days at an optimum concentiation of 2 mg/1 BA 
which was also best suited for providing the maximum conversion rate (90%) 
of embiyoids to piantlets. K.n (l-5mg/l), used as the sole plant growth factors, 
induced the development of embiyoids showing either shoot or root primordia 
in 30% of the cultures. However, embiyoids with shoot primordia developed 
roots upon transfer to medium containing 0. lmg/1 lAA and 2mg/l Kn. 
Embiyoids from all cultures germinated in the initiation medium and were 
transfened to the green house where they grew and established well showing 
90% survival. 
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Chapter-3 
MATERIALS AND METHODS 
Plant material and explant source: 
The explants namely leaves and nodal segments were collected from 
plants of Tylophora incJlca and Raiivoljia IclraphyHa maintained ex silu 
growing at University Campus Aligarh Muslim University, Aligarh. 
Experimental methodology: 
Growth and morphogenesis of plant tissues in viiro are largely governed 
by the composition of culture media. In the present study, the basal medium 
proposed by Murashige and Skoog (1962) used throughout for in vitro culture 
of Tylophora mcllca and Raiivoljia lelraphylla. The different constituents of 
MS medunn along with their concentration used are listed in Table-1. 
The constituents given in Table 1 were prepared in four stock, consisting 
of major salts (20X), minor salts (200X), FeSO^ and EDTA (20X) and organic 
nutrients excepts sucrose (200X) by dissolving in double distilled water 
(DDW). The reasons for preparing different stock solutions are that certain 
kinds of chemicals, when mixed together will precipitate and not remain in 
solution. The stock solution was stored in refrigerator and regularly checked for 
any visible contamination. 
For each plant growth regulator a separate stock solution is prepared by 
dissoKuig it in a small quantity of appropriate solvent and then adjusted with 
double distilled water to die desired volume to make an over all concentration 
of ImM. All auxins were dissolved in few drops of absolute alcohol and 
cylotkmins in IN NaOH. 
Table 1. Nutritional components of MS medium 
Components 
Macroniilrienis 
MgS04.7H20 
KH2PO4 
KNOi 
NH4NO3 
CaCl2.2H20 
Micronulrieiils 
H,BO:, 
MnS04.7H20 
ZnS04.7H20 
Amounts (mg/l) 
370 
170 
1900 
1650 
440 
6.2 
22.3 
8.6 
Na2Mo04.2H20 
CUSO4.5H2O 
CaCl2.6H20 
Kl 
FeS04.7H20 
Na2EDTA 
Sucrose (g) 
Organic supplcmenis 
Vitamins 
Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
30 
0.5 
0.5 
0.5 
100 
2 
The different concenti-ation of plant growth regulators used in present 
study were prepared from stock solution by using the formula: 
S,V,=S2V2 
Where, 
51 = strength of the stock solution 
Vi = volume of the stock solution 
52 = strength of the desired solution 
V2 = volume of the desired solution 
MS medium was supplemented with various PGRs singly as well as in 
combinations of different concentration. 3% (w/v) sucrose was used in all 
experiments as carbon source. The media was solidified with 0.8% (w/v) agar 
and pH adjusted to 5.8 by using IN HCl or IN NaOH prior to autoclaving. 
About 15-20 ml of the medium was poured in each tube and twenty replicates 
were taken for each treatment. The culture vessels containing the medium were 
plugged with non absorbent cotton wrapped in muslin cloths (cotton plugs). 
The medium was sterilized in an autoclave at 15 lbs/inch^ (12rC) and the 
medium in culture tubes were allowed to set as slants. 
Aseptic Techniques: 
The aseptic techniques are necessary to make aseptic environment to 
avoid contamination. The techniques involves. 
Sterilization of Laminar air-flow Hood: 
Laminar air-flow hood were sterilized by switching on UV-light for Ihr. 
and wiping the working surface with 70%.ethanol before any operation under 
hood. 
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Sterilization of glass wares and instruments: 
The glass wares to be used were wrapped in aluminum foil or butter 
paper and sterilized by autoclaving at 15 lbs/inch^ (12l"C) for 20 minute. 
Nonnally forceps, scalpel etc. made up of stainless steel were sterilized by 
dipping in alcohol followed by flaming and cooling before each inoculation. 
Sterilization of plant material: 
The explants i.e. nodal segments and first and second leaves from apical 
bud were collected in beaker containing water. The explants were thoroughly 
washed under running tap water for 30 minute and with 5% teepol for 5 
minutes followed by 3-4 rapid washing with sterilized distilled water. The 
washed explants were disinfected by immersing in 0.1% (w/v) HgCb for 3-5 
minutes. These were subsequently washed 4-5 times with sterilized distilled 
water to remove the traces of sterilant. At last suitable explants were selected 
and inoculated onto culture medium. 
Inoculation and incubation: 
All the instruments used during excision and inoculation were dipped in 
alcohol and flamed and were used after cooling. This process is repeated every 
time before inoculation of experimental material and tubes were plugged 
quickly. All the cultures were maintained under conti'ol environmental 
conditions i.e. 25 + 2T, 16-h Iight/8-h dark photoperiods (light intensity 50f,i 
mol m^s"') and 55-60% relative humidity. 
Acclimatization: 
The regenerated plantlets with well developed shoot and roots were 
transfened to pots containing sterile vermiculite under diffuse light (16/8-h 
photoperiod) conditions. Potted plants covered with tiansparent polythene 
membrane to ensure high humidity, and watered every three days with half 
17 
strength MS salt solution for four weeks. The polythene membranes were 
opened after two week in order to acclimatize them to field conditions. Plants 
were transfened to pots containing garden soil and watered with tap water. 
Data analysis: 
All the experiments were repeated thrice. The effect of different 
treatments was quantified and the data was subjected to statistical analysis 
using 'standard error of the mean'. 
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Chapter-4 
RESULTS 
Tylophora inclica 
Direct regeneration 
Explants cultured on MS basal medium did not show any growth and 
eventually necrosed after 2 weeks of inoculation. 
Nodal explant cultured on MS medium supplemented with single 
treatments of various auxins/cytokinins, viz. BA (0.5-10)_iM), Kn (0.5-10),iM), 
lAA (0.5-10|.LM), IBA (0.5-10|aM) and NAA (0.5-lO^iM) showed differential 
response and axillaiy shoot sprouting were achieved only at higher 
concentration of BA (10j.iM) or lAA (10|.tM) after 21 days of inoculation, 
Rhizogenesis were also observed from lower cut edge of the explant on lAA 
supplemented media (Fig. 1. A &B). 
Nodal explants cultured on MS medium supplemented with BA (0.5 
jiM) + NAA (0.5)iM) exhibited 70.5% shoot regeneration after 4 weeks of 
inoculation. On increasing the concentration of BA upto 5(.iM, there was a 
gradual increase in regeneration frequency (70.5 to 87.5%) and number of 
shoots per explant (2.31+0.40 to 5.40+0.45). On further increasing the BA 
concenti'ation there was a decline in regeneration frequency and number of 
shoots per explant (Table 2) (Fig. 12). The highest shoot regeneration 
frequency (87.5%) and number of shoots per explant (5.40 + 0.45) were 
recorded on MS medium supplemented with BA (5|_iM) + NAA (0.5|.iM). The 
growth of the shoots were noimal and attained an average height of 4.60 cm 
and after six weeks of inoculation (Fig. 1 C &D). 
Nodal explants cultured on MS medium containing Kn (0.5-10},iM) + 
NAA (0.5|,iM) exhibited vaiying degree of shoot regeneration (Table 2). 
Among the various combinations used, the higliest shoots regeneration 
frequency (83.3%) and number of shoot per explant (3.14 + 0.24) with 
maximum shoot length of 4.26 cm were recorded on MS medium 
supplemented with Kn (5^M) + lAA (0.5 |iM) after 6 weeks of inoculation 
(Fig. 1 E & F). 
Callus induction: 
Leaf segments cultured on MS medium supplemented with 2,4-D (0.5-
10).iM) showed callusing from cut edges of the explants after 6-7 days of 
inoculation. Morphology and growth of the callus varied with different level of 
2,4-D. On lower concentration of 2,4-D (0.5),iM), 73.5% cultures fonned 
callus. When 2,4-D concenti"ation was increased upto I0),iM almost all the 
cultures showed callusing (Table 3) (Fig. 13). The callus obtained was light 
yellow and friable in nature (Fig. 2 A & B). 
Leaf explants cultured on MS medium supplemented with 2,4,5-T 
(0.5),iM) produced highly proliferating friable callus. On increasing the 
concentration of 2,4,5-T from 0.5 to lOj^ iM a gradual increase in percentage of 
culture foniimg callus was noted (85.6 to 100%) (Table 3) (Fig.2 C & D). 
Nodal segments exhibited callusing (70%) on MS medium augmented 
with 2,4-D (0.5).iM) after 4 weeks of inoculation. With an increase in 2,4-D 
concentration from 0.5 to 10).iM, percentage of cultures fomiing callus 
increased upto 92% (Table 3) (Fig. 3 A & B). 
After 7-8 days inoculation of nodal segments callusing was observed on 
MS medium supplemented with 2,4,5-T (0.5-10).iM) (Table 3). Fast growing 
callus was observed from all the explants cultured on MS medium containing 
10)„iM 2,4,5-T after 4 weeks of inoculation. The callus obtained was friable and 
light yellow (Fig. 3 C & D). 
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Shoot differentiation: 
The light yellow friable callus derived from leaf explants when sub-
cultured on MS medium supplemented with Kn (0.5-lO^M), adventitious shoot 
buds were noticed on the surface of the callus within 4 weeks of sub-culturing. 
Among the various concentrations of Kn tested, the highest shoot regeneration 
frequency (85%) and number of shoots per callus (64.8 + 0.74) were recorded 
at 5)iM concentration after 6 weeks of inoculation (Table 4) (Fig. 14). 
Increasing the concentration of Kn from 5 to 10).iM, a decrease in the rate of 
shoot regeneration ability was noticed. The regenerant showed noimal growth 
(Fig.4 A-D). 
Callus derived from leaf explants when subcultured onto the MS 
medium contanving BA (0.5).iM) showed 14.3% shoot regeneration after 6 
weeks of inoculation (Table 4). With an increase in BA concentration upto 
5)iM, there was a gradual increase in regeneration frequency (14.3 to 70.4%), 
on further increase in concentration, there was a decline in regeneration 
frequency and the number of shoots per callus clump (Fig. 4 E). 
Leaf callus when sub-cultured on MS medium supplemented with 
optimal concentiation of BA/Kn with NAA (0.5-2.5|.iM), adventitious shoots 
were induced from the surface of callus after 4 weeks of subculturing. Among 
the various combinations, the highest regeneration frequency (50%) and 
maximum number of shoots per callus clump were recorded on MS medium 
containing Kn (5).iM) + NAA (0.5).iM) after 6 weeks of sub-culturmg (Table 5) 
(Fig. 5 A& 15). 
Addition of NAA (0.5-2.5(,iM) to the optimum concentration of BA/Kn 
in the medium reduced the frequency of regeneration from nodal derived callus 
(Table 6) (Fig. 16). Among the various combinations used the highest shoot 
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regeneration frequency (50%) were recorded on MS medium supplemented 
with Kn (5|,iM) + NAA (0.5^iM) after 6 weeks of sub-culturing (Fig. 5 B). 
Calli derived from nodal explants when sub-cultured on MS medium 
augmented with Kn (0.5)_iM), induced adventitious shoot buds after 4 weeks of 
inoculation, which later developed into shoots and attained an average height of 
2.32 cm after 6 weeks (Table 7) (Fig. 17). Frequency of shoot regeneration was 
significantly increased by increasing the concenti'ation of Kn (0.5-5[.iM), where 
as at higher concentiation of Kn (10|,iM), shoot regeneration frequency 
declined (Fig. 6 A-C). 
Adventitious shoot regeneration was observed from nodal segment 
derived callus on MS medium supplemented with BA (0.5-10(.iM) after 4 
weeks of sub-culturing. Among the various BA concentrations tested, highest 
shoot regeneration frequency (60.4%) and maximum number of shoots per 
callus clump (39+0.98) were recorded on MS medium containing BA (5j„iM) 
after 6 weeks of sub-culturing and the shoot obtained attained an average 
height of 3.70 cm (Table 7) (Fig. 6 D). 
Root formation: 
The regenerated shoots were transfened to different rooting media. The 
basal cut portion of the shoot resulted in root formation within 10 days. Only 
50% cultures exhibited rooting in an auxin-free MS basal medium. Reduction 
of MS-salt solution to half-sti^ ength enhanced frequency of root foiTnation 
(Fig. 7 A). 
'/2MS medium supplemented with lAA, induced rooting to varying 
degree (Table 7). lAA at a concentiation of 0.5|.iM gave optimal response of 
root induction (75%). On increasing its concentration, there was a gradual 
decline in frequency of rooting (Fig. 7 B). 
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The excised in vitro shoots when transfened to VSMS-medium 
supplemented with (0.5-5|-iM IBA) induced higher frequency of rooting 
(Table 8) (Fig. 18). The maximum frequency of root fonnation was achieved on 
'/2MS medium supplemented with 0.5|,iM IBA (Fig. 7 C). 
Acclimatization: 
The regenerated plantlets with well developed shoots and roots (Fig. 8 A 
& B) were washed thoroughly and transfened to pots containing sterile soil-rite 
for hardening. The potted plantlets were covered with polythene membrane to 
ensure high humidity and watered eveiy three days with half-stiength MS-salt 
solution free of sucrose. After one month they were transfeixed to green house 
conditions. The regenerants showed 100% survivability after transplanting to 
soil under field conditions, where they have been growing to noniial adults 
(Fig. 9 A). 
Rauvolfia tetraphylla: 
Nodal segments cultured on PGRs free MS basal medium did not show 
any growth and eventually necrosed after 2 weeks of inoculation. 
Nodal segments cultured on MS medium supplemented with BA (0.5-
20jLiM) + NAA (0.5|.LM) initially showed emergence of shoot buds after 3 
weeks of inoculation. However, differential response was reflected in the 
percent regeneration and number of shoots per explant (Table 9) (Fig. 19). 80% 
regeneration was recorded after 6 weeks of inoculation on MS medium 
supplemented with BA (10[.iM) + NAA (0.5).LM) with an average shoot length 
of 3.28 cm and average number of shoots per explant (8.6 + 0.64). When the 
concentration of BA was further increased, a gradual decline in frequency of 
regeneration was recorded (Fig. 10 A & B). 
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Nodal segments cultured on MS medium supplemented with Kn (2-
20)iM) + lAA (0.5).iM) exhibited multiple shoot formation (Table 9). The 
highest frequency of shoot regeneration was recorded on MS medium 
containing Kn (lOjiM) + lAA (O.S i^M). On this medium, 70% of the explant 
proliferated with an average number of shoots (6.80+0.19) which attained an 
average length of 2.69 cm in 6 weeks. The elongation in shoot was fast due to 
large intemodal distance (Fig. 10 C). 
Root formation: 
The microshoots were excised from the shoot clump and transfened to 
rooting media. No root fomiation was recorded on PGRs free medium. 
Microshoots rooted on MS medium following initial incubation for 16 days on 
a medium containing IBA (50-200|,iM) (Table 10) (Fig.20). Among the various 
concentration of IBA, the best results were recorded at 150^M within 4-8 days 
after transfer to auxin-free MS medium (Fig. 11 C & D). 
Acclimatization: 
The in vitro plantlets were washed and transplanted in sterile soil rite 
and covered with polythene membrane to ensure high humidity and watered 
every three days with half-stiength MS-salt solution free of sucrose for one 
month. After 6 weeks, the new plantlets were established in potting mixture 
with 90% sui"vivability and grew to maturity when tiansfened to field 
conditions (Fig. 11 C & D). 
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EXPLANATION OF FIGURES 
A. Axillary bud proliferation on MS+BA (10 ).iM), after 4 weeks. 
B. Axillary bud proliferation on MS+IAA (10).iM) after 4 weeks. 
C. Multiple shoots from nodal segment on MS+BA (5).iM)+ NAA 
(0.5).iM), after 6 weeks. 
D. Multiple shoots from nodal segment on MS+BA 
(10^iM)+NAA(0.5^M)), after 6 weeks. 
E. Regeneration of shoots from nodal segment on MS+Kn 
(2.5^M)+IAA(0.5|.iM), after 6 weeks. 
F. Regeneration of shoots from nodal segment on MS + Kn 
(5).iM)+NAA (0.5^M), after 6 weeks. 
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Chapter-5 
DISCUSSION 
The natural resources of the world are showing rapid depletion. 
Consequently renewable resources such as economically and medicinally 
important plants have been increasingly relevant to meet the needs of the 
economy and maintain the environmental quality. The conventional methods of 
raising propagules for large scale plantation have failed to fulfil the ever 
increasing demand. The technique of in vitro culture can justifiably employed 
for consei"vation and propagation of medicinal plants (Mohanty et al. 1985, 
Meiners et al. 1991, Mohan et al. 1995, Srivastava and Pandey 1998). 
According to Huang and Murashige (1976) the striking response of in 
vitro differentiation in excised tissues depend on the composition of medium, 
and therefore, the basic regulatoiy mechanism involves a balance between 
auxin and cytokinin (Skoog and Miller, 1957). Moiphogenic response 
exhibited in the fonn of shoot or root are thus coiTelative to specific auxin and 
cytokinin ratio. Consequently, one of the most influencing factors in multiple 
shoot regeneration is the modulation of endogenous auxin to cytokinin balance 
(Thoipe 1980). The initiation of a proliferating culture from the explants 
involves profound changes in the developmental stage of the tissues and result 
in alteration in basic architecture of cell and tissue leading to activation of even 
quiescent or fully differentiated cells. Clonal multiplication thi^ ough various 
explants is advantageous over conventional propagation methods as a large 
number of plants can be produced within short span (Raghunath 1989, 
Raghunath and Bajaj 1992, Anju et al. 1996). 
The biotecnological tools are important to select, multiply and conserve 
the critical genotypes of medicinal plants by adopting techniques such as 
micropropagation, creation of variations and genetic transformations. Plant 
tissue and cell culture as an integrated part of plant biotechnology in going 
tluough a period of exciting progress and is opening new frontiers in both 
science and practical applications. In vilro cloning of two high potential 
medicinal plants viz. Tylophora indica and Rauvolfia lelraphylla have been 
attempted in the present work with a specific view for developing efficient 
protocol for high frequency plant regeneration, germplasm conservation and 
production of bioactive compounds. 
In the present study, direct regeneration from nodal segments was 
achieved both in Tylophora indica and Rauvolfia lelraphylla. The resultant 
moiphogenic response in both the plants depend upon the levels and 
combination of auxin and cytokinin incoiporated in the medium. The lower 
concentiation of auxin and higher concenti^ ation of cytokinins were promising 
for induction and multiplication of shoots in both the plants. The results 
showed consistency with earlier findings of Mukapadhayay et al. (1991), Bera 
and Roy (1991), Shanna and Chandel (1992), Roy et al. (1995), Sarker et al. 
(1996), Patil and Jayanthi (1997) and Rathore et al. (2000). 
Superiority of BA over Kn alongwith auxin for shoot regeneration was 
observed in the present study for direct regeneration in Tylophora indica and 
Rauvolfia lelraphylla. This got support from the earlier findings by Shen et al. 
(1990), Ma et al (1992), Lloyd et al. (1998) and Smgh et al. (2000). 
Regeneration potentials of cultured explants evidently depends upon a 
number of factors such as types of explants, temperature, light, nuti-ient, age 
and level of endogenously produced phytohonnones (Reddy and Vaidyanath 
1990, Mallick and Saxena 1991, Reddy and Reddy 1993, Pandey 1995, Gulati 
et al. 1996). For indirect regeneration leaf explants proved to be superior for 
callus induction and shoot differentiation as compared to nodal segments. 
Induction and proliferation of callus also depends upon the level and 
combination of plant growth regulators. 2,4-D is regarded as potential auxin for 
callus induction through various explants, (Caplin and Steward 1948, Hu and 
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Wnag 1983). While in our study 2,4,5-T has proved to be a better auxin for 
callus induction thi"Ough leaf and nodal segments of Tylophora indica which is 
in accordance with the findings of Malepszy and Orczyk (1983). 
In Tylophora indica adventitious shoots were achieved from callus 
tissue of different explants i.e. leaf and nodal segments. ICn were found most 
effective cytokinin for in vitro shoot regeneration. A positive role of BA was 
also observed in shoot regeneration from callus cuhure but the frequency of 
shoot bud initiation was lower. The results showed consistency with earlier 
reports of Sharma et al. (1991) and Reddy et al. (2001) on Coleus forskholli. 
It has been observed that addition of NAA with optimal concentration of 
Kn/BA significantly reduced the frequency of shoot formation in callus culture, 
which is in contraiy to the earlier reports of Wildi et al. (1998), Luis et al. 
(1999) and Parkash et al. (1999) who reported that addition of NAA promotes 
proliferation and elongation of shoots. 
For development of successful in vitro propagation protocol, root 
induction of excised shoots and subsequent survival of plantlets in soil are 
crucial. Earlier studies recommended the transfer of in vitro regenerants either 
on PGRs free medium or medium containing an auxin for rooting. In the 
present study, in vitro raised shoot of Tylophora indica when transfeiTed onto 
auxin free MS medium produced roots. Reduction of MS-salt to half strength 
enhanced root foiTnation. The incidence of root fonnation in auxin free MS-
medium may be due to the availability of higher quantity of endogenous auxin 
in in vitro shootlets. 
Addition of an auxin to '/2MS medium significantly enhanced the in 
vitro rooting. The maximum frequency of root fonnation was achieved in Vi 
MS medium supplemented with 0.5(,iM IBA. Success of IBA for efficient root 
27 
induction has also been suggested by Jusaitis (1997), Rathore et al. (2000), 
Shekhawat and Shekhawat (2000) and Fracro and Echevenigaray (2001). 
In case of Rauvolfia tetraphylla, a two-step rooting procedure was 
followed and this resulted in excellent rooting. It was observed that continuous 
culture on medium with higher doses of IB A for relatively longer periods 
adversely affected growth and subsequent survival of shoots. 90% rooting 
efficiency was achieved following 150).iM IBA ti'eatment and subsequently 
culture of shoots on auxin-free medium. This supports the earlier findings of 
Bag et al. (2000) and Singh et al. (2000) who also used a two step procedure 
for a successful in vitro rooting. 
The successful ex vitro acclimatization of micropropagated plants 
determines the quality of the end product and, in commercial production, the 
economic viability of the enteiprise. In vitro propagation on large scale can be 
successful only when plants after tiansfer from culture to the soil show high 
survival rates. Acclimatization on is primarily intended for restoring stress 
resistance and autotrophic competence. The acclimatization procedure 
described here resulted in a survival rate of 100% in Tylophora indica and 90% 
in Raiivoljia tetraphylla. 
28 

Chapter-6 
S U M M A R Y A N D C O N S L U S I O N S 
Tyloplwra inclica: 
Tylophora indica (Asclepiadaceae), commonly known as 'Antamul' is 
an important medicinal woody climber. The leaf and root of the plant has 
emetic and purgative properties. They are reported to contain amoiphous 
alkaloid. The major alkaloid have been isolated are tylophorine and 
tylophormine. Considering importance, an in vitro regeneration system, both 
direct and indirect has been established in the present work. 
Direct regeneration of shoots occuned from nodal segment on MS 
medium supplemented with BA + NAA. Media containing combinations of Kn 
+ lAA was least effective. The frequency of direct shoot regeneration was 
maximum on MS medium supplemented with BA (5).iM) + NAA (0.5)iM). 
87.5% proliferation of the explant has been achieved with 5.40 + 0.45 shoots 
per explant. 
The leaf and nodal segment showed callusing on MS medium 
supplemented with various concentrations of 2,4-D or 2,4,5-T. The frequency 
of callus induction was maximum on MS medium containing 2,4,5-T (10),tM) 
in both, leaf and nodal segment. The leaf explant gave better response for 
callus induction. 
Callus derived from leaf as well as nodal segment when subcultured on 
MS medium supplement with BA or Kn, induced adventitious shoots within 4 
weeks of culture. MS medium supplemented with Kn {5\.\M) exhibited highest 
frequency of regeneration in leaf as well as nodal derived callus. Media 
containing BA proved least effective. 
Adventitious shoot regeneration from the surface of leaf and nodal 
callus was also achieved on MS medium supplemented with optimum 
concentration of BA/Kn with NAA. Among the various combinations used the 
highest shoot regeneration frequency (50%) were recorded on MS medium 
supplemented with Kn (5).iM) + NAA (0.5|.iM) after 6 weeks of sub-culturing. 
The in vitro regenerated shoots were tiansferred to different rooting 
media. Best rhizogenesis were observed on Vi MS medium supplemented with 
IBA (O.S i^M). The regenerated plantlets with well developed shoots and roots 
were transfened to pots containing sterile soil-rite and showed 100% 
survivability after transplanting to soil under field conditions. 
Rauvolfia tetrapliylla: 
Raiivoljia lelraphylla (Apocynaceae) is an evergreen woody shrub. The 
root of which is used as substitute of Rauvolfia serpentina for alkaloid contents 
and used in nervous system disorder and lowering of blood pressure. The 
government of india restricted the export of crude drug to conserve the natural 
growth and thus reduce, its exploitation, resulting in the shortage of the 
alkaloids in the world market. 
Direct regeneration of multiple shoots was achieved from nodal segment 
implanted on MS medium supplemented with various concenti'ations and 
combinations of auxin and cytokinin. The number and frequency of shoot with 
regard to medium varied. Among the various combination used, the highest 
frequency of shoot regeneration were recorded on MS medium supplemented 
with BA (10).iM) + NAA (0.5),iM). On this medium 90% of the explants 
proliferated with 9.60 +1.52 shoots per explant in 6 weeks. 
The microshoots were rooted on MS medium following initial 
incubation for 16 days on a medium containing IBA (50-200|iM). The best 
rhizogenesis were recorded at 150).iM IBA within 4-8 days after transfer to 
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auxin free MS medium. The in vitro raised plantlets were acclimatized 
successfully and showed 90% sui^ vivability when tiansfened to field 
conditions. 
The findings of my study lead to the following conclusions. 
1. Direct shoot regeneration in Tylophora indica has been achieved only 
through nodal segments. The MS medium supplemented with BA (5),LM) 
+ NAA (0.5).iM) stimulates maximum frequency of regeneration. 
2. Callus can be raised from leaf and nodal explants of Tylophora indica. 
The maximum frequency of callus from leaf explants was induced on 
MS medium containing 2,4,5-T (]0|.iM). 
3. MS medium supplemented with Kn (S i^M) proved most effective for 
shoot regeneration from leaf and nodal callus in Tylophora indica. 
4. Yi MS medium supplemented with IBA (O.S i^M) showed best 
rhizogenesis in Tylophora indica. 
5. A combination BA/NAA proved effective for direct shoot regeneration 
in Raiivolfia letraphylla. MS medium containing BA (10)iM) + NAA 
(0.5nM) elicits maximum regeneration. 
6. In Raiivolfia telraphylla maximum rhizogenesis was induced on MS 
medium following initial incubation for 16 days on a medium containing 
150}.iMlBA. 
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